Rapidly rising demand for radio communication and the explosion in the number of mobile communications service subscribers have led to the need for optimization in the development of fifth-generation (5G) mobile communication systems. Previous studies on the development of propagation models considering a propagation environment in the existing microwave band have been mainly focused on analyzing the propagation characteristics with regard to large-scale factors such as path losses, delay propagation, and angle diffusions. In this paper, we investigated the concept of spatial and time changes ratios in the measurement of wave propagations and measured RSRP of Long Term Evolution (LTE) signals at three locations considering the time rate of 1% and 50%. We confirmed the concept of spatial and time changes rate based on the results of analyzing the signal data measured and proposed the propagation models 1 and 2 in microcell downtown. The forecast results using proposed models 1 and 2 were better than the COST231 model in both indoor and outdoor measured places. It was predicted between a time rate of 1% and 50% indoor within 400m and outdoor within 200m. In the future, we will study the propagation model of 5G mobile communication as well as the current 4G communication using artificial intelligence technology.
Introduction
Rapidly rising demand for radio communication and the explosion in the number of mobile communications service subscribers have led to the need for optimization in the development of fifth-generation (5G) mobile communication systems. 5G mobile systems will encompass frequencies from 0.5 GHz to 100 GHz [1] . The development of competitive 5G wireless transmission technology and efficient frequency-use research are based on understanding the characteristics of the exact radio channel. In terms of developments in next generation mobile communication systems, performance verification of the development system is essential, for which it is necessary to estimate the exact wireless-space channel [2] . This is because this channel is based on the exact model, including elements of the wireless transmission applications, such as frequency, time, space, and polarization [3] [4] [5] [6] [7] [8] .
Previous studies on the development of propagation models considering a propagation environment in the existing microwave band have been mainly focused on analyzing the propagation characteristics with regard to large-scale factors such as path losses, delay propagation, and angle diffusions [9] [10] [11] [12] [13] . However, considering the mobility of the surrounding environment, the existing propagation models show large prediction errors when predicting propagations; furthermore, it is difficult to compare the signal strength of homogeneous/heterogeneous systems by using such propagation models. Generally, in order to design a radio station, which can provide radio communication service with a certain level of quality, information on the radio signal power and radio noise power in the applicable areas should be obtained beforehand. In other words, it is required to obtain the information on the radio signals and noise in the applicable areas to design communication systems that ensure that the communication service quality is higher than a certain standard. Therefore, it is required to consider the propagation environment and mobility during propagation prediction. In addition, a time-varying propagation model that considers time and spatial changes is required when 2 International Journal of Antennas and Propagation performing interference analysis using the results of the propagation prediction [14] .
In this study, we investigate the concept of spatial and time changes rate in the measurement of wave propagations and measure the reference signal receive power (RSRP) of Long Term Evolution (LTE) signals at three locations in downtown considering the time rate of 1% and 50%. We confirm the concept of spatial and time changes rates based on the results of analyzing the signal data measured. Based on these results, we propose a propagation model considering distance and frequency in microcell downtown environment.
The rest of the paper is organized as follows: Section 2 describes wave propagation model. Section 3 gives the propagation characteristics by considering the time and spatial changes. Section 4 describes RSRP measurements and results analysis. Section 5 describes proposal of propagation model. Finally, Section 6 is conclusions.
The Wave Propagation Model
The wave propagation model is based on the measurement results. This is because the measurement environment includes the shadowing parameter in a microcell urban environment that includes multipath fading. In other words, the shadowing parameter is used for considering the signal powers measured at two different locations even along the distance between the same transceiver and the surrounding objects; therefore, the path loss PL(d) in a specific location has random values with log-normal distribution. The general form of the model is as follows.
In the above equation, n is path loss index, d is distance between base station (BS) and mobile station (MS), do is reference distance, and X is a random variable with an average mean (m) of 0 and log-normal distribution with standard deviation of , wherein the log-normal distribution represents the shadowing effect. In addition, the transmission medium (communication channel) model can be represented in two parts as follows by designating the mobile phone signal as r(t).
In (2), m(t) denotes long term fading, slow fading, and log-normal fading, whose values vary according to the topography between the base station and the mobile terminal. A
The Propagation Characteristics by Considering the Time and Spatial Changes
The characteristics of the radio propagation signal according to time and space change rate can be defined as follows, similar to the radio fading rate, in ITU-R Recommendations [15, 16] . The ITU-R P. 1546 is a method for point-to-area predictions for terrestrial services in the frequency range 30 MHz to 3 000 MHz.
(1) Changes in the received signals are closely related to the temporal and spatial characteristics.
(2) Measurements of the received signals must be performed for a considerable time at a fixed point.
(
3) The expression and analysis of the measured signals are represented in terms of the probability distribution and statistical data obtained during the measurement time.
Time Changes Rate, Percentage of Time
In all mobile systems, the variations in the electric field strength for wave reception are mainly influenced by fading, and, in particular, significant variations are observed in the shortwave band; therefore, automatic recording is continuously performed at the general interval of 10-30 min because measuring the electric field strength at a certain time is unnecessary. Subsequently, on the basis of these results, the percentage (%) of time corresponding to a certain value in decibels (dB) or more is determined. For example, when 50% value corresponds to 30 dB for 10 min from the continuous measurement results, it implies that a value greater than 30 dB exists in the 5 min period out of the 10 min measurement time. The percentages of time are purposely selected as 5%, 10%, 50%, 90%, 95%, etc.; however, 50% is commonly selected as the percentage of time, and, therefore, it is also known as the median value. In order to provide service coverage at any location, the received electric field strength should be much higher than the minimally required electric field strength.
Spatial Change Rate, Percentage of Location
The line of sight (LOS) and non-line of sight (NLOS) were considered in downtown areas by considering the applicable frequencies (MHz) and distance (m) in the transmission measurements for reflecting the spatial rates; the process in steps based on ITU-R P. 1411-5 is as follows [15] . 
(iii) Otherwise linearly interpolate between the values.
The width is introduced to provide a transition region between the LoS and NLoS regions. This transition region is seen in the data and typically has a width of = 20 m. The LoS and NLoS location variability corrections are shown in Table 1 .
In Table 1 , it can be seen that the spatial variation rate (p S ) is inversely proportional to the distance (d LoS ) between transmission and reception, and the loss increases. At p S (50%) the loss of LoS and NLoS location variability corrections is zero. measured using measurement equipment [14, 17, 18] . The measurement was performed at a specific frequency of 879 MHz using the SKT LTE network in KOREA.
Measurement and Results Analysis

RSRP.
Generally, the signal measurement parameters of the physical layer in LTE are divided into four types: RSRP, received signal strength indicator (RSSI), reference signal received quality (RSRQ), and signal-to-interferenceplus-noise ratio (SINR). The RSRP signal, one of the aforementioned parameters, is used as a reference signal [19] , and it is measured as follows [14] .
Measurement Equipment and Conditions.
In Figure 1 
Measurement Area and RSRP Measurement.
Changes by busy time and nonbusy time can be compared by chronologically sorting the measured data. Data was measured based on time changes and probability distribution. RSRP signals were measured at certain time intervals during certain time period, and the collected and sorted data were measured. For measurement, indoor and outdoor areas in Gwangju Metro City, Korea, were selected and they are shown in Table 2 . The selected areas were a place where a lot of people move in downtown. In order to propose a wave propagation model reflecting the characteristics of time/spatial changes, RSRP measured the time rates of the measurement values, at the same place on a certain day and at the same place on another day of the week. Two types of measurements were broadly performed: (1) measurement was conducted for 1∼2 hour each during the busy hour and nonbusy hour at the same area (indoor) A; (2) measurement was performed at the same time (busy hour) on different days at the same area (indoor and outdoor) B, C. The results are summarized in Table 3 . Table 3 , The RSRP signal in the floating population concentrated areas was affected by the surrounding propagation environment according to the changes in time. The comparison results indicated that the time rates by locations in indoor areas, 1% and 50%, showed a difference of 2.5 ∼ 5.58 dBm. On the other hand, in the outdoor area, time rates of 1%, 10%, and 50% showed a difference of approximately 2.82 ∼ 3.0 dBm.
Result Analysis. In
We confirmed that signal quality is worse than when there is a large floating population in the same indoors (busy time). The measurement at a time rate of 1% means that the signal quality is bad and the measurement value at 50% of the time rate indoors and outdoors was similar to the average the total measurement value. Also, we confirmed that signal quality is worse than distance. Therefore, we have confirmed that the time rate was inversely proportional to the busy time with a large floating population and the space rate to the transmission and reception distance.
Proposal of Propagation Model Reflecting the Characteristics of Time/Spatial Changes
The proposed model parameters that reflect the characteristics of time/spatial changes were shown in Table 4 . Also, the reason for the propose model according to the measurement result in Table 3 , the measurement environment is the microcell downtown environment in which the multipath fading exists, so that the shadowing parameter exists. By Table 4 we proposed two models. Proposed model 1 was (5) and the path loss exponent n was selected as 2.7 by considering the measurement environment of downtown. Another proposed model 2 was as in (6) . 
In Table 5 and Figure 2 , FSL, COST 231, proposed model 1, and proposed model 2 were compared with measured values at 1% and 50% of the time rates. The (A), (B), and (C) in Table 5 are indoor and outdoor area in Table 2 . The proposed models 1 and 2 were compared with measurement values of the time rate 50% at measurement places. The difference was 0.76 ∼ 1.05 dBm at 400m below indoor, the proposed models were approximately the time rate of 50%. At the indoor 200m below and the outdoor 200m below, the difference between time rate 50% and the proposed models was 3.76 ∼ 3.94 and 2.32 ∼ 2.44 dBm, respectively. As a result, we have confirmed that proposed model 1 can be more accurately predicted at outdoor. On the other hand, proposed model 2 can be more accurately predicted by comparing the measured values at indoor below 400. Below 200 indoor, proposed model 1 was similar to proposed model 2.
Conclusions
Rapidly rising demand for radio communication and the explosion in the number of mobile communications service subscribers have led to the need for optimization in the International Journal of Antennas and Propagation 5 In this paper, we investigated the concept of space and time rates of change through radio wave measurements. The concept of space change was applied to LoS and NLoS, indoor and outdoor, and busy time and nonbusy time were applied as the concept of time change. The spatial variation rate (p) is inversely proportional to the distance between transmission and reception, and the loss increases. RSRP measurements of LTE signals were made in consideration of the time change rate of 1% and 50% in three locations (indoor 2, outdoor 1 in downtown). We confirmed that signal quality is worse than when there is a large floating population in the same indoors (busy time). The measurement at a time rate of 1% means that the signal quality is bad and the measurement value at 50% of the time rate indoors and outdoors was similar to the average the total measurement value. Also, we confirmed that signal quality is worse than distance. Therefore, we have confirmed that the time rate was inversely proportional to the busy time with a large floating population and the space rate to the transmission and reception distance. Based on these results, we proposed two propagation models in microcell downtown environment. The forecast results using proposed models 1 and 2 were better than the COST231 model in both indoor and outdoor measured places. It was predicted between a time rate of 1% and 50% indoor within 400m and outdoor within 200m.
In the future, we will study the propagation model of 5G mobile communications as well as the current 4G communications using artificial intelligence technology.
Data Availability
Previously reported data were used to support this study and these prior studies are cited at relevant places within the text as [14] . The data used to support the findings of this study are included in the article.
Conflicts of Interest
The authors declare that there are no conflicts of interest regarding the publication of this paper.
